In this study, event-related fMRI was used to examine whether the resolution of interference arising from two different information contents activates the same or different neuronal circuitries. In addition, we examined the extent to which these inhibitory control mechanisms are modulated by individual differences in working memory capacity. Two groups of participants with high and low working memory capacity [high span (HS) and low span (LS) participants, respectively] performed two versions of an item recognition task with familiar letters and abstract objects as stimulus materials. Interference costs were examined by means of the recent negative probe technique with otherwise identical testing conditions across both tasks. While the behavioral interference costs were of similar magnitude in both tasks, the underlying brain activation pattern differed between tasks: The object task interference-effects (higher activation in interference trials than in control trials) were restricted to the anterior intraparietal sulcus (IPS). Interference effects for familiar letters were obtained in the anterior IPS, the left postero-ventral and the right dorsolateral prefrontal cortex (PFC) as well as the precuneus. As the letters were more discernible than the objects, the results suggest that the critical feature for PFC and precuneus involvement in interference resolution is the saliency of stimulus-response mappings.
Introduction
Working memory is relevant for maintaining information in mind for short periods of time and for ignoring information not relevant for a current goal or task. Information that is irrelevant for a particular task can arise from a variety of sources, like conflicting sensory input, distracting memory contents or prepotent motor programs. The processes that enable to ignore them are generally referred to as inhibitory control [2, 7] or interference resolution [9] . In addition, inhibitory processes are often related to concepts of executive control [24, 33, 44] .
While a large body of research has investigated maintenance functions of working memory and their neuronal correlates, not much is known so far on the functional and neuronal architecture of interference resolution and how maintenance and interference resolution functions of working memory interact in the service of goal directed behavior. Neurocognitive studies have revealed that maintaining information in mind recruits a network involving posterior parietal and prefrontal/premotor brain areas with the former areas representing more sensory-related aspects of working memory and the latter areas more action-oriented aspects of working memory [17] (for overviews, see Refs. [8, 44] ). The prefrontal cortex (PFC) plays a crucial role for actively maintaining relevant information in mind, with different regions within the PFC providing distinct contributions to the maintenance of information in working memory. However, the nature of the functional division of these working memory functions within the PFC is still a matter of debate.
Some models on the role of the PFC in working memory propose a process-specific division of PFC regions, with ventrolateral regions being engaged in maintenance processes and dorsolateral regions being recruited by manipulation and monitoring processes, i.e. processes that act upon working memory contents [36, 37] . Other models propose a contentspecific organisation of the PFC, with ventrolateral regions being involved in the maintenance of object information and dorsolateral regions being recruited by spatial information [19, 47] . A modification of this view has recently been proposed by Smith and Jonides [44] . They propose that content-specificity is mainly a laterality effect with the right dorsolateral and ventrolateral PFC being engaged by both, spatial and non-spatial working memory and the corresponding left PFC regions showing involvement only in non-spatial working memory [13, 29, 38] . The view of a content-specific segregation has recently been extended by the finding that maintaining information about manipulable (tool-like) and non-manipulable objects recruits different neuronal circuitries even though working memory performance was not affected by this object class manipulation [30] .
The goal of the present study was to examine whether interference resolution, similar to active maintenance, shows a content-specific organisation in the PFC. On one hand, it could be argued that the active maintenance of task-relevant information and the suppression of task-irrelevant information are highly related functions that are subserved by the same content-specific PFC regions. On the other hand, it is also conceivable that interference resolution is a general nonmnemonic control function in the service of goal directed behavior, that is mediated by a specific PFC region, irrespective of the type of information causing interference (for instance, object, verbal or spatial information). The empirical evidence in favour of the one or the other position is mixed: The resolution of interference from verbal materials (i.e. letters) in item recognition tasks activated left PFC regions [5, 9, 22] that are also activated when verbal materials have to be actively maintained in working memory. Conversely, right PFC areas were implicated in a variety of interference resolution processes with different informational contents, like letters [5, 18, 32] or familiar and unfamiliar objects [25, 35] .
In the present study, we employed event-related fMRI to examine whether the resolution of interference arising from different types of information (i.e. familiar letter strings and abstract geometrical objects) activates the same or different brain circuitries. While previous brain imaging studies examined interference resolution within one informational domain [5, 9, 22] , the present study directly contrasted interference resolution from two different types of information under otherwise identical testing conditions.
To establish experimental conditions of interference susceptibility, we employed the technique of recent negative probes [34] . Participants were given a memory set of items that had to be maintained in working memory for a fixed period of time. Thereafter, a probe was presented that either matched (positive probe) or did not match (negative probe) one member of the memory set. In the interference condition, proactive interference was increased by presenting a negative probe that was a member of the memory set in the immediately preceding trial. Response times to these recent negative probes were increased and accuracy was reduced as compared to control conditions that caused less proactive interference because negative probes did not appear in the preceding trial. It is assumed that the increased response latencies and reduced accuracy result from the persisting activation of previous events and reflect the need to resolve this interference [34] .
A second issue addressed in the present study was whether interference resolution is affected by individual differences in working memory capacity. A variety of behavioral studies suggests that working memory capacity and interference resolution are interrelated functions [11, 21, 24] . According to this view, controlled capacity is necessary to maintain memory representations in the focus of attention, particularly in the face of interference and distraction. In support of this view, a variety of studies have shown that individuals with low working memory capacity show greater interference vulnerability than individuals with high working memory capacity. These group differences in interference susceptibility are most pronounced under conditions of high working memory load, i.e. when maintaining the task goal was made difficult by the experimental context ( [15, 20] , see also Ref. [24] ).
A recent brain imaging study on working memory, that took individual differences in response speed into account found more pronounced dorsolateral PFC activation in slow responding than in fast responding individuals [41] . Even though working memory capacity was not explicitly measured in the latter study, these results may suggest that dorsolateral PFC regions are recruited in task situations with high working memory demands. As suggested by these results, taking individual differences in working memory capacity into account is important in the examination of brain activation related to interference resolution. In the present study, we examined interference-related brain activation patterns in participants with high and low working memory capacity.
Methods

Participants
Twelve participants (mean age: 23 years; range 21 -26 years; 5 female) participated in the fMRI study. All participants were right handed and gave informed consent prior to participation. They had correct or corrected to normal vision and were paid 7.5 Euro/h for participation. In a separate session, all participants first performed a counting span test [12] . In this test, in consecutive trials, participants are required to count geometrical objects (e.g. blue circles) presented on a display together with distractor objects. Counting span is defined as the number of correctly recalled counts and ranges from 0 to 42 (for details, see Ref. [12] ). The participants of the fMRI study were selected according to their counting span: Individuals with a counting span of equal or smaller than 19 were defined as low span (LS) participants. Those with a counting span of equal or larger than 37 were defined as high span (HS) participants.
Stimuli
The stimuli were 30 small-font letters (letter task) and 30 abstract objects (windows font type: klinzhai) (object task). All stimuli were presented in blue against a light gray background and subtended a visual angle of 1j horizontally and 1.2j vertically. Each memory set included two stimuli presented at an equal distance above and below the center of the screen at a distance of 1.2j. The probe stimuli were always presented at the center of the screen. None of the participants had any experience with the abstract objects.
Procedure
Participants were tested on two versions of an item recognition task with letters and abstract objects as stimulus materials. On a given trial, a blank screen (400 ms) was followed by a fixation cross (200 ms). Four hundred milliseconds thereafter, a memory set of two stimuli was presented (800 ms in the object task and for 200 ms in the letter task). The memory set -probe interval was 4000 s (measured from onset to onset) and by this comparable to other studies using the recent negative probe technique in item recognition tasks [5, 9] . The probe was presented until the participants responded or until 3000 ms had elapsed and the next trial started 4000 ms after probe onset. In both tasks, the participants responded by pressing one of two buttons with the index and middle finger of their right hand. They were instructed to maintain the memory set in mind and upon presentation of the probe stimuli, press one of the two buttons as quickly and accurately as possible, to indicate whether the probe item was part of the memory set or not. The general task layout is illustrated in Fig. 1 .
Each participant performed a total of 640 trials in two sessions that took place on 2 consecutive days. Each session consisted of two object task blocks and two letter task blocks that comprised 80 trials each. Block order within each session was pseudorandom, with the constraint that a block of one task was always followed by a block of the other task. Block order was balanced across participants. For each task, there was an equal number of probes that were part of the memory set (positive probes) and of probes that were not part of the memory set (negative probes), resulting in a total of 160 positive and 160 negative probes per task. Of the negative probes, 64 trials served as interference trials (i.e. they were part of the memory set and positive probes of the immediately preceding trial) and another 48 trials served as control trials (i.e. they were not presented in the five trials preceding the current trial). The remaining 48 negative probe trials were filler trials, i.e. they did not enter the statistical analyses. The order of trial types (interference vs. control) and response types was randomized within each task block with the constraint that each trial type and response type was preceded by the same proportion of other trial and response types. Participants performed a training session, comprising two letter task and two object task blocks, 2 days before the first fMRI session. Prior to each fMRI session, the participants performed one training block (24 trials) for each of the tasks.
Behavioral data analyses
Reaction times were defined as the time between the onset of the probe and the participant's keypress. For reasons of consistency with the analyses of the fMRI data (see below), only correct responses to negative probes in interference trials and control trials entered the analyses. An ANOVA with the between-subject factor Group (HS vs. LS), and the within-subject factors Task (object task vs. letter task) and Trial Type (interference vs. control trials) was used for statistical evaluation of the behavioral data.
FMRI data acquisition
Whole-brain imaging was performed with a 3T MR scanner and a T2* sensitive echo planar sequence was used for functional imaging. (TR = 1000 ms, TE = 30 ms, 90j flip angle, 19.2-cm field of view, 64 Â 64 data acquisition matrix). In a separate session, structural whole-brain images were acquired using a T1 weighted 3D segmented MDEFT. To align the functional and the 3D images, conventional T1 weighted anatomical images in plane with the echo-planar (functional) images were acquired in the same sessions. Nine functional volumes (scans) were taken for each trial. Each scan consisted of 14 axial slices (parallel to the AC-PC line) with a slice thickness of 5 mm and an inter-slice distance of 2 mm, yielding a voxel size of 5 Â 3 Â 3 mm.
FMRI data analysis
Analysis of FMRI data was performed using the LIPSIA software package [27] . First, the functional data were corrected for movement artifacts. Then the temporal offset between the slices acquired in one scan was corrected using a sinc interpolation algorithm. The data were filtered using a spatial Gaussian filter with FWHM = 4.23 mm and a temporal high pass filter with a cutoff frequency of 1/90 Hz was used for baseline correction. The increased autocorrelation that resulted from filtering was taken into account during statistical analyses.
Statistical analyses were carried out using the General Linear Model for serially autocorrelated observations [16] . For each participant, statistical parameter maps (SPM) were computed. The analyses focused on the hemodynamic response evoked by the probe stimuli in both tasks. The design matrix for the probe-related analysis was created using a model of the hemodynamic response with a delay of 6 s. This model equation was convolved with a Gaussian kernel with a dispersion of 4 s FWHM and the same hemodynamic response function was used for all participants. Contrasts between the interference and the control trials were calculated in both tasks using t-statistics and the resulting t-values were transformed to z-scores. Only trials with correct performance entered the analyses. The resulting z-maps for each participant were transformed into stereotactic Talairach space, averaged across both sessions and then entered the group random effect analyses. A threshold of p < 0.001, one-tailed (z = 3.09) was used for the group analyses of interference and control trials. Only regions activated in this overall comparison were considered for further analyses, i.e. they were used to restrict the search space for the group-specific analyses.
In a second step, the percent signal changes of the hemodynamic response evoked by the probe stimuli were computed for the relevant brain regions for each of the Fig. 1 . The letter and the object recognition task. For both tasks an interference trial and a control trial are shown. In interference trials, a current negative probe was identical to one of the memory set items and the positive probe of the preceding trials. In control trials, the negative probe did not occur in the five preceding trials. participants for both trial types and tasks. Percent signal change values were used in addition to the z-map analysis, as they allow to examine hemodynamic responses separately for interference and control trials. The voxels with the maximal z-value in the relevant regions were identified and percent signal change was calculated across the 26 voxels adjacent to the maximally activated one, for the 12 time steps after onset of the probe stimuli. Twenty six voxels were selected for this analysis in order to get a good estimate of the activation time course within each ROI. Percent signal change was computed relative to the mean value across all scans.
For the group-specific analysis, the mean percent signal change values in a time interval showing the largest hemodynamic response to the probe across all regions of interest (i.e. 4 to 7 s after probe onset) were calculated. These values were entered into an ANOVA with the between-subject factor Group (HS vs. LS), and the within-subject factors Task (object task vs. letter task), Trial Type (interference vs. control trials) and Region of Interest.
Results
Behavioral results
The mean response times and percent correct responses for interference trials and control trials in both tasks for the groups of HS and LS participants are presented in Fig. 2a and b. Response times were faster for HS than for LS participants, F(1,10) = 10.22, p < 0.01. The participants responded faster in the letter task than in the object task, F(1,10) = 63.96, p < 0.0001, and there was a response time increase from control trials to interference trials, F(1,10) = 22.28, p < 0.001. The average response time increase from control to interference trials was 38 ms F 7.9 S.E.M. in the object task and 34 ms F 10.6 S.E.M. in the letter task. The interference effects for HS participants were 28 ms (letter task) and 37 ms (object task). The corresponding effects for LS participants were 40 ms (letter task) and 39 ms (object task). For LS participants, both effects were significantly different from zero ( p-values < 0.05), whereas for HS participants, only the object task interference effect, but not the letter task interference effect differed significantly from zero ( p < 0.01 and p>0.11, respectively).
To compensate for the general performance differences between HS and LS participants, interference effects were also examined based on the natural logarithm of reaction times [31] . The results did not differ statistically from the ones based on the unscaled reaction time data, suggesting that interference costs were not confounded with general between-group differences in task performance.
As apparent from Fig. 2b , the faster response times in the letter task were paralleled by higher rates of correct responses in the letter task than in the object task, F(1,10) = 6.87, p < 0.05. The participants also responded more accurate in control trials than in interference trials, F(1,10) = 7.09, p < 0.05. Moreover, the interaction Task Â Trial type reached the significance level F(1,10) = 5.82, p < 0.05 and there was a marginally significant Group Â Trial Type Â Task interaction F(1,10) = 3.58, p < 0.08. Tested separately for each of the groups, a Trial type Â Task interaction was obtained for HS participants, F(1,5) = 6.86, p < 0.05. Post hoc tests revealed lower accuracy rates in interference than in control trials in the object task, but not in the letter task. For LS participants, neither the main effects of trial type and task, nor the two-way interaction reached the significance level.
Taken together, the analyses of the behavioral data revealed reliable interference effects in both tasks. Tested separately for both groups, the object interference effects on response times were highly similar in both groups, whereas the letter tasks interference cost were significantly different from zero for LS participants but not for HS participants. The analyses of performance accuracy further indicate that for HS participants, interference susceptibility was task specific: HS committed more errors in interference trials in the object task but not in the letter task.
FMRI results
Overall interference effects
In this section, we first report the results of the overall analyses of interference effects for both tasks across all participants. In a second step, the percent signal change analysis for interference and control trials as well as the results of the group-specific analyses will be reported. Fig. 3 and Table 1 show the brain regions that exhibited greater activation for interference trials than for control trials. Areas sensitive to the interference manipulation in the letter task include the right middle frontal gyrus (MFG; BA 9), the right precuneus region (BA 7), the junction of the precentral sulcus and inferior frontal sulcus (IFJ; BA 6/8/44) in the left hemisphere and the anterior (ascending) branch of the right anterior intraparietal sulcus (IPS; BA 40) .
Conversely, in the object task, the interference manipulation led to activation in the anterior (ascending) branch of the IPS, only. To ensure that no interference sensitive areas were overlooked in this overall analysis, a more liberal threshold ( p < 0.005) was used for the interference manipulation. However, no additional regions were found sensitive with this lower threshold.
An objection against this pattern of results could be that in the present design, the probe stimulus was presented until the participants responded. By this, differences in reaction times across interference and control trials could be confounded with probe stimulus duration. This in turn could have affected the amplitude of the hemodynamic response in the above-mentioned areas. To address this concern, we compared the hemodynamic response for fast and slow reaction time trials within each trial type. A median split was performed within each trial type and the hemodynamic response was directly contrasted for fast and slow trials using the same statistical threshold as in the overall analyses of interference effects ( p < 0.001). For all four within trial Fig. 3 . Activation pattern across all participants showing enhanced activation patterns for interference relative to control trials in the letter and the object task. Coronar, lateral and axial views of a normalized T1 structural image of one participant are shown. Activations exceeding thresholds of Z = 2.59 are shown. In the letter task, the right MFG, the right precuneus, the left IFJ and left anterior IPS were activated. In the object task, the right anterior IPS was activated (cf. Table 1 ). type comparisons (letter task interference trials/letter task control trials/object task interference trials/object task control trials), no reliable differences in the hemodynamic responses between fast and slow reaction time trials were found, neither in the MFG, the IFJ, the anterior IPS nor in the precuneus. By this, we feel safe to conclude that the interference effects for both tasks were not confounded by differential presentation durations of the probe stimuli. This initial analysis suggests that even though the interference manipulation led to a similar behavioral responsetime cost pattern in both tasks, different brain areas exhibited interference effects in both tasks. Based on the outcome of this overall comparison, the left IFJ, the right MFG, the right precuneus, and the right anterior IPS were considered as regions of interest (ROI) for further statistical analyses.
Time course analyses
The interference manipulation is defined as the difference between recent negative probe trials and control trials. By this, the absence of interference effects could either result from enhanced activation in interference and control trials or from no activation in neither trial type. To address this issue, we examined the time course of the hemodynamic activation in the above-mentioned ROIs separately for recent negative probe (interference) trials and control trials. The time courses of activation (i.e. percent signal change relative to the mean value across all scans) elicited by both probe types in the letter and object task are illustrated in Fig. 4 . As no pronounced differences in the hemodymanic reponses were found in the first 3 s after probe onset, it seems rather unlikely that probe interval activation was confounded with differential delay period activity. In the letter task, the hemodynamic response in all four regions increased in interference trials and was unaffected in control trials. Differences between both trial types emerged around 3 s after onset of the probe and largest activation differences between interference and control trials were found around 6 s after probe onset. In the object task, a pronounced hemodynamic response was obtained for interference trials in the anterior IPS. However, neither the IFJ, the MFG nor the precuneus was differently modulated by the probes in interference and control trials.
Task-specific effects
The examination of task and group-specific effects was based on the percent signal change values between 4 and 7 s after the test probe. This time interval was chosen, because in this time period, the differences between interference and control trials were most pronounced across all ROIs (cf. Fig. 4) The mean values for both tasks and both groups of participants are illustrated in Fig. 5 .
As apparent from the figure, the ROIs respond differently to interference and control trials in the letter and the object task. Moreover, there are pronounced between-group differences in the letter task but not in the object task across all four regions of interest. These group-specific effects will be addressed in the next paragraph. A four-way ANOVA with factors Task, Group, ROI (four levels) and Trial Type revealed main effects of Trial Type, F(1,10) = 24.15, p < 0.0006, and ROI, F(3,30) = 4.18, p < 0.01, indicating that interference trials evoked larger activations than control trials in both groups and that the general activation changes to the probe stimulus differed across ROIs. Moreover, Task Â Trial Type, F(1,10) = 10.01, p < 0.01, and Task Â Trial Type Â ROI interactions, F(3,30) = 4.08, p < 0.02, were obtained, indicating that the interference effects were task specific. The latter interaction was further examined by three-way ANOVAs performed separately for each ROI. For the right MFG, a Task Â Trial Type interaction, F(1,10) = 6.87, p < 0.03, was obtained. Post hoc comparisons revealed larger MFG activation in letter task interference trials than in control trials, p < 0.002, whereas no such interference effects were obtained in the object task, p < 0.37. For the left IFJ, an interaction Task Â Trial Type was found, F(1,10) = 5.72, p < 0.04. This interaction indicates that IFJ activation was more pronounced in letter task interference trials than in object task interference trials, p < 0.02. No related effects were obtained for control trials. A similar pattern of results was found for the precuneus: The interaction Task Â Trial Type was significant, F(1,10) = 6.04, p < 0.03, indicating that precuneus activation was stronger for letter task interference trials than for object task interference trials, p < 0.04. For the anterior IPS, an effect of Trial Type, F(1,10) = 15.85, p < 0.002, but no interaction was obtained, indicating larger anterior IPS activation in interference than in control trials, irrespective of task.
In sum, these results show that both PFC regions and the precuneus respond differently to interference resolution as a function of task: First, the right MFG showed interference effects, i.e. enhanced activation in interference than in control trials in the letter task but not in the object task. Second, the left IFJ and precuneus were more activated in letter task interference trials than in object task interference trials, whereas no such task effects were obtained for control trials.
Group-specific effects
As apparent from Fig. 5 , the activation pattern in the object task is highly similar for both groups of participants. Interestingly, however, there are pronounced between-group differences in the letter task across all four regions of interest, that take the form of more control trial activation in HS individuals than in LS individuals. In support of this observation, the four-way ANOVA revealed a Task Â Trial Type Â Group interaction, F(1,10) = 7.5, p < 0.02. As a consequence of the enhanced control trial activation in the letter task, the interference effects of HS participants in the letter task (i.e. the difference between interference and control trial activation) were attenuated (cf. Fig. 5, lower left panel) . No such between-group differences were present in the object task. This observation was confirmed by further follow up analyses: Three-way ANOVAs (factors: Group, ROI and Trial Type) were performed separately for both tasks. For the object task, there were main effects of Trial Type, F(1,10) = 10.94, p < 0.000, and of ROI, F(1,30) = 4.90 p < 0.0069, and an interaction between Trial Type and ROI, F(3,30) = 5.43, p < 0.004. A post hoc analysis revealed Trial Type effects in the anterior IPS and in the IFJ ( p's < 0.005), but not in the other ROIs.
A different picture emerged for the letter task: Letter interference trials showed stronger activations than letter control trials (main effect Trial Type: F(1,10) = 21.78, p < 0.0009). The main effect of Group, F(1,10) = 4.19, p < 0.06, and the interaction Trial Type Â Group, F(1,10) = 3.36, p < 0.09. were marginally significant. Two-way ANOVAs performed separately for both groups, revealed larger activation in interference trials than in control trials (main effect of Trial Type: F(1,5) = 15.8, p < 0.01) for LS participants, but not for HS participants. Furthermore, test performed separately for each of the trial types revealed larger activation in control trials for HS participants than for LS participants, F(1,0) = 7.13, < 0.02, whereas no group effect was obtained for interference trials of the letter task, p < 0.10.
Discussion
In this study, we examined interference related brain activation patterns in two versions of an item recognition task with letters and abstract objects as stimulus materials. We used an individual differences approach and examined brain activation pattern related to interference resolution in two groups of individuals with high and low working memory capacity. Response times were longer and accuracy lower in the object task and HS participants performed faster and more accurate than LS participants in both tasks. Notably, interference costs, i.e. the difference in response times between recent negative probe trials and control trials, were of comparable magnitude for both tasks. In addition, group-specific interference effects were obtained for both tasks: First, interference costs in the letter tasks were statistically reliable for LS participants but not for HS participants. Second, HS participants, but not LS participants, made more errors in object interference trials than in object control trials.
Despite these highly similar behavioral interference effects for both tasks, the analyses of the fMRI data revealed pronounced between-task differences in frontal and parietal brain areas. While the right anterior IPS showed more activation in interference trials than in control trials irrespective of task, in the other ROIs, task specific effects were obtained: The right MFG showed interference effects (i.e. higher interference trial than control trial activation) in the letter task only. The left IFJ and the precuneus were more activated by letter task interference trials than by object task interference trials, with no related effects for control trials.
These task-specific activation patterns were further modulated by individual differences in working memory capacity. In the object task, interference-related activation was restricted to the anterior IPS and also highly similar in both groups of individuals. This observation is consistent with the behavioral object inference effects being highly similar for both groups. Conversely, in the letter task, hemodynamic interference effects (defined as the activation difference between interference and control trials) were virtually absent for HS participants across all regions of interest. Interestingly, this attenuation of the interference effects in the letter task results from enhanced control trial activation in HS participants as compared to LS participants and also goes in parallel with an attenuation of the behavioral interference costs on response times in HS participants.
Prior to discussing these results in more detail, an objection has to be addressed: It could be argued that the enhanced activation in interference trials, in particular the ones obtained in the PFC, reflect the increased processing time in these trials relative to control trials. In fact, several studies report enhanced PFC activation in working memory tasks that is due to increased load or processing duration [1, 4] . However, interference-related PFC activation (in the IFJ and the MFG) in the present study was modulated by the task factor, even though the behavioral interference costs were highly similar across tasks. This makes an interpretation of the present results in terms of increased processing load rather unlikely and argues for a more careful evaluation of the present results.
Task specific interference resolution
The main difference between the two tasks was that the abstract objects as compared to the letters had more overlapping features, were less discernible and could not be named. These aspects not only made the object task more difficult to perform, it may also have led to less salient stimulus-response mappings. These impoverished stimulusresponse mappings from previous trials may have lowered the demands on interference resolution in the object task as compared to the letter task. As different types of stimuli were used in both tasks, it is also conceivable that the participants used different strategies in both item recognition tasks. With this consideration in mind, we will now discuss the interference effects separately for both tasks.
The letter task
Some studies used the recent negative probe technique in letter recognition tasks and found interference related activation in the left ventrolateral PFC [5, 9, 22] . The present left inferior frontal activation was located more posterior at the junction of the precentral sulcus and the inferior frontal sulcus. Activation in this postero-ventral PFC region has been reported in a variety of tasks with rather different processing demands, including active maintenance [29] , set shifting [10, 35] or task preparation [3] . A common characteristic of these tasks is the requirement to learn new stimulus-response associations and to adapt them to current task demands [35] . In fact, experimental lesion studies in animals showed that lesions in this area impair the relearning of stimulus-response and stimulus -reward associations [35, 39] showed that activation in the postero-ventral PFC was not only enhanced in a set shifting task in which participants had to switch back and forth between a color and a shape matching task but also in a so-called reversal task in which only stimulus-response mappings were reversed. This indicates that the postero-ventral PFC houses more general task management functions; best described as the reorganisation of stimulus-response assignments in the service of goal-directed behavior.
In the present study, the major differences between recent negative trials and control trials were that the former trials required a change in stimulus-response assignments from the preceding trials (in which the memory set item required a positive response) to the current trial in which the same item required a negative response. This kind of reassignment was not required in control trials, in which only a new stimulus-response mapping had to be activated. This results in less proactive interference in control trials than in interference trials. Given this, the enhanced IFJ activation in letter task interference trials than in object task interference trials, with no corresponding effects for control trials, may reflect the higher demands on the initiation of task appropriate stimulus-response assignments in interference trials.
Letter task interference trials also activated the right middle frontal gyrus (MFG) to a larger extent than control trials. Right dorsolateral PFC activation has been reported in a variety of interference conditions including response inhibition [18, 25] , inhibition of task sets [25] , or resolving interference from a prior trial [5] . In addition, the right PFC also exhibited load sensitivity in spatial and non-spatial working memory tasks [5, 42] . The process-specific view of the PFC assumes that the dorsolateral PFC houses high level control processes like the updating, manipulation or monitoring of working memory contents or the initiation and maintenance of goal relevant information [33] . Conversely, the ventrolateral PFC is concerned with lower level control functions, like the organisation of response sequences based on information retrieved from posterior associations cortices [35, 37] . Based on this view, the combined activation of postero-ventral and dorsolateral PFC regions indicates that resolution of interference from a conflicting stimulus-response assignment involves an ensemble of lower and higher order control functions, like the reorganisation of stimulus-response assignments and the maintenance and updating of task-relevant representations.
Interference resolution in the letter task was also associated with enhanced posterior parietal activation in the precuneus and the anterior portion of the IPS. Precuneus activation of similar kind, though slightly more inferior, has been reported in a variety of episodic retrieval studies [14, 26, 46, 49] . The precuneus is considered as a multimodal association area that enables the integration of current input with a previously established model of the task context, a so-called situation model [28] . Consistent with our results, prior working memory studies report precuneus activation in response periods in which memory retrieval and the discrimination between a retrieved item and an actual item are required [42] .
A variety of recent brain imaging studies have shown that the anterior IPS serves a variety of attention-related functions that generalize across modalities [6, 48] and also plays a role for attention to movement-relevant stimulus properties [30, 40] . Wojciulik and Kanwisher [48] found anterior IPS activation in an ensemble of visual selective attention tasks. As a common feature of their tasks was the presence of task-irrelevant distractor stimuli, the authors suggest that the anterior IPS regions may play an important role for the inhibition of task-irrelevant stimulus features. In tentative support of a more general inhibitory function view of the anterior IPS, it was the only brain region that was similarly modulated by object and letter interference trials in the present study. However, further experimentation will be required to elucidate the precise functional role of the anterior IPS region in the inhibition of task-irrelevant information from different sources.
The object task
While the letter task interference trials activated an ensemble of frontal and parietal areas, interference-related activation in the object task was restricted to the anterior IPS. It is conceivable that the absence of IFJ activation in the object task results from less salient stimulus-response assignments as compared to those for the familiar letters. The objects were less discernible and could not be named. By this, there may have been reduced interference from previous trials and lower demands on the sequential reorganisation of stimulus-response mappings.
An account for the absence of interference-related activation in the MFG could be that the stimuli in the object task left impoverished working memory representations and imposed higher demands in the monitoring and updating of working memory contents irrespective of trial type. This may have caused enhanced MFG activation in both trial types and by this may have wiped out interference effects. This interpretation, though conceivable, is not supported by the data. As apparent from Fig. 4 , the MFG activation in both object task trials is substantially smaller than the activation in letter task interference trials.
An alternative interpretation would be that the right dorsolateral PFC involvement in interference resolution is content-specific and reflects processing strategies that are applicable to familiar stimulus materials, only. This is indirectly supported by the observation, that all prior studies reporting interference-related activation in the right dorsolateral PFC used familiar items (i.e. letters or nameable geometrical objects), as stimulus materials [5, 18, 25, 35] . However, further experimentation will be required to examine in more detail the sensitivity of the right dorsolateral PFC to the familiarity of working memory contents in task requiring the updating or monitoring of such information.
Effects of working memory capacity
Interference effects, i.e. enhanced activation in interference as compared to control trials, in the letter task circuitry were strongly affected by individual differences in working memory capacity. As revealed by the time course analysis, LS participants showed larger activation in interference than in control trials across all four regions of interest. Conversely, for HS individuals, these interference effects were attenuated, as they showed enhanced control trial activation as compared to LS participants. What might have caused these group-specific brain activation patterns in the letter task? The group differences in the hemodynamic response were restricted to control trials in the letter task only and by this cannot be attributed to general and task-unspecific individual differences in the hemodynamic response function.
A hint towards an understanding of this result is given by the performance data. HS individuals not only were faster and also more accurate in both tasks, they also had attenuated behavioral interference costs in the letter task. By this, the enhanced brain activation to letter task probes in particular in the PFC may reflect a more efficient processing strategy of HS individuals. The group differences emerged in the response period of the letter task, in which memory retrieval evoked by the probe stimulus had to be coordinated with the resolution of interference from the conflicting stimulus-response mappings. The HS individuals higher efficiency in coordinating these requirements, as reflected in better task performance and lower letter task interference costs, may have resulted from their general enhanced PFC activation. HS individuals may have more attentional capacity to initiate cognitive control processes such as the reassignment of stimulus-response mappings or the coordination of memory retrieval with the inhibition of irrelevant response tendencies. This enables them to initiate control processes even in task situation that impose lower demands, i.e. control trials.
The view that enhanced PFC activation is associated with attentional capacity for the maintenance of task representations is supported by other imaging studies that showed that interference susceptibility to recent negative probes is negatively correlated with dorsolateral and ventrolateral PFC activation. Participants with largest interference costs showed smallest PFC activation [5] . In a similar vein, Jonides et al. [23] , contrasting interference resolution from recent negative probes in two age groups, found larger behavioral costs and smaller left PFC activation in old adults than in young adults. Interestingly, in the Bunge et al. study [5] , left ventrolateral PFC activation was also negatively correlated with response speed to recent positive probes for which no interference effects were obtained. Consistent with our results for HS individual, this argues against a specific role of the PFC in resolving conflict from previous trials and points towards more general control functions of the PFC in task situations characterized by proactive interference from familiar stimuli.
Conclusions
Taken as a whole, the present results argue for a contentspecific organisation of interference resolution in the PFC and in the precuneus. The critical feature for PFC and precuneus involvement seems to be the saliency of stimulus-response mappings. Only highly salient mappings, as in the letter task, are associated with higher demands on the organisation of sequential stimulus-response assignments and recruit higher and lower order control mechanisms housed by the PFC. In a similar vein, the precuneus is involved in interference resolution only in cases of a clear mismatch between the current status of a probe stimulus and its status in a previous trial. Notably, these between task differences in the hemodynamic interference effects were obtained even though there were no corresponding between task differences on the behavioral level. This suggests that brain imaging data can provide important complementary information on the mechanisms of interference suppression.
In showing that HS individuals, who performed better in both tasks and showed less interference susceptibility in the letter task, activated the PFC regions, the precuneus and the anterior IPS irrespective of trial type in the latter task, whereas for LS participants letter task activation was restricted to interference trials, the results point towards the high relevance of individual differences in working memory capacity in the examination of interference susceptibility. The enhanced PFC activation in individuals with high working memory capacity seems to suggest that these individuals allocate more attentional resources for the maintenance of task goals in the face of interfering information from preceding trials.
